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[57] ABSTRACT 

The method of the present invention is particularly 
directed to plastic packaged modules of the type 
wherein the contact zones of the chip are connected by 
wire-bonding to lead conductors and wherein the chip 
is molded in etch resistant resins. The opening method 
includes the steps of: a) polishing the module topside to 
eliminate the top part of the plastic encapsulating resin 
until the conductors of the lead frame are exposed; b) 
removing the lead frame; c) roughly polishing the mod- 
ule backside to eliminate the bottom part of the plastic 
encapsulating resin until the passive face of the silicon 
chip is exposed; d) immersing the resulting module in a 
hot fuming nitric acid bath raised to a temperature of 
about 120* C and for a time of about 8 minutes; and, e) 
immediately cooling the resulting module by blowing 
compressed ambient temperature air thereon to create a 
thermal shock whereby all the remaining parts of the 
plastic encapsulating resin are eliminated, leaving the 
desired bare silicon chip without damage. 

24 Claims, 5 Drawing Sheets 
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FIG. 1 shows a conventional plastic packaged mod- 
PROCESS FOR RECOVERING BARE ule of the SO J (Small Outline J-Lead) model wherein a 

SEMICONDUCTOR CHIPS FROM PLASTIC silicon chip is molded. FIG. 1 (A) shows a cutaway 

PACKAGED MODULES BY THERMAL SHOCK view of the plastic packaged module with a part of the 

5 plastic encapsulation removed, (B) shows a cross sec- 
FIELD OF INVENTION tional view of the module, and (Q shows a schematic 

The present invention relates to plastic encapsulated w * f * drip > terminal i con- 

semiconductor chips and more particularly to an open- nectl0n S * Stei *- ^ ^T* l° A ^ } ^ * ^ 
ing method for recovering a bare semiconductor chip in a conventooiial plasbc packaged module 10 mcorporat- 
^^j,,^ t „w«„ ^ £ 10 ing a silicon chip 11 whose active surface is mounted 
from the plastic packaged modules wherein a chip is * ^ packaged module 10 has a plurality of 

encapsulated without any damage for the chip. As a , 7T u f- ^^ f^w uuu ^ c *« , ^ . 

t ^~^ V , * , jr H . , lead frame conductors 12 extending through the clastic 

result the method allows recovery of fully functional u«ucwuuuww» 1* ^^^ vux uu^ u«= F «»uv 

i»uifc, ( "»^ auwws ^ v * 7 . ~T encapsulating resin 13 which are adhesively joined to 

and testable chips for any purpose, e* : for oanunatioii. 4™L 11( prcfeiably by means ofa composite 
/mspection, analysis, or re-use (possibly after repair). lay P er Typi«dl y ; thToomposite layer 

Tten^otte^mvenUnnw^touiy £E3r a££dwich formrfbyTbo^m^lyiS 
Plastic packaged modules even when tite semiconduc- lynetic ^ 14fl ^ ued to „ J pha barrier kyer 14*. 
or chip « molded m a plastic encapsulating resin which ^ ^ barrier ^ ^ ^ £ , 
is resistant to known etching techniques. having a melting temperature above 175* C. and does 

BACKGROUND OF THE INVENTION 20 not contain ionizable species. One such polymer mate- 
, . , /j , . x . , rial that can be used as an alpha barrier is "KAPTON" 

Plastic package decapsulation (or depackmg) n ; abso- (a trademark of j^ani). A 30 urn diameter gold wire 
lutely necessary for construction analysis and failure 15 fa bonded between each lead frame 

analysis of plastic packaged components, typically oandlIC|or u ^ a m ^ of ^ chi 

semiconductor chips. Especially m the case of failure M ^ ^ ^ p^erfc layer 14 may reveal 

analysis, identification of the cause of a defective chip tQ ^ usefol ^ lead frame conductors 

implies that the opening method keeps the full integrity heat that could Hamag » the chip, 

of the devices integrated in the chip and of the metallic A more detailed ronstruction at ^ vicinity of the 
interconnections as weU Likewise, it is often necessary terminal connection system where the gold wire 15 is 
to physically evaluate VLSI devices for the purpose of 30 attactted to ^ chip u ^ shown m the enlarged view 
product reliability, validation of physical design and (C) of nG j Now turning to FIG. 1(C), there is illus- 
identification of device structural patterns. Finally, at trztQd a standar d silicon chip 11 consisting of a silicon 
the present time, high volume supplies of verifiable bare substrate 16 (wherein active/passive devices are 
chips are spotty in the merchant market since some formed) up to the phosphosuicate glass (PSG) insulat- 
suppliers will not even sell bare chips. This situation has 35 mg ia yer including the tungsten studs (not. shown). The 
forced some module manufacturers to purchase pack- metallization level (Ml) is represented by land 17. 

aged chips and to remove the chips for re-use at consid- A passivating layer 18 is formed thereon. Typically, 
erably increased costs. Bare chip quality is the major according to the scope of the present invention, this 
issue of these module manufacturers, because they do passivating layer 18 is made of an inorganic material 
not want to find themselves recovering chips not fully 40 such as silicon nitride Si3N4 and/or silicon dioxide 
functional for re-use. As a result, in addition to function- Si02, as known by those skilled in the art. The passiv- 
ality aspects, chip testability is also an essential concern, at ion layer 18 is provided with an opening or via-hole. 
because the opening method must not only let the chip The second level of metallization (M2) is formed in this 
remain functional but also remain in good condition for via-hole and results in a contact zone 19 where the gold 
the test Therefore, the basic problem to be solved is to 45 wire 15 is bonded. For instance J according to an ad- 
develop a reliable method to open plastic packaged vanced CMOS technology used to manufacture 16 
modules to recover the bare semiconductor (typically Mbits DRAM chips, the first and second metallization 
silicon) chip enclosed therein without altering its physi- levels consist of a composite metallurgy: Ti-AlCuSi- 
cal and electrical integrity. TiN-Si and Ti-AlCuSi-TiN respectively. The other end 

Wet chemical methods using hot fuming nitric acid 50 of the gold wire 15 is bonded to one of the inner lead or 
are extensively used with silicon nitride (Si3N4) and/or lead frame conductor 12 (not shown). When the gold 
silicon dioxide (Si02) passivated silicon chips. When wire 15 is thennosonically bonded to the chip contact 
the silicon chip is passivated with polyimide, these zone 19, there is formed a ball-shaped connection 20. 
methods are inoperative because nitric acid damages the With continued reference to FIG. 1, the chip contact 
polyimide material and thus does not preserve chip 55 zones 19 are preferably located along a center area of 
functionality (in case of polyimide passivation only the chip 11 along the longitudinal axis. As such, the 
manual polishing is used). A more specific problem has plastic packaged module 10 of FIG. 1, is very attractive 
recently emerged with Si02/Si3N4 passivated silicon in many respects. In addition to its role of serving as an 
chips, when very hard, etch resistant plastic resins are alpha barrier, the composite polymeric layer 14 cooper- 
used as the molding compound to encapsulate the chip. 60 ates lead frame conductors 12 (which cover a substan- 
For instance, the TOSHIBA "KE 20QOH" plastic resin tial portion of the chip surface) to facilitate the dissipa- 
belongs to this category. This plastic resin has outstand- tion of heat generated by the chip. Moreover, the short 
ing properties in terms of henneticity, reliability, and connecting wires 15 contribute to faster chip response, 
purity (absence of contaminants). Unfortunately, the This particular chip/packaging combined technology is 
complete removal of this plastic resin without damaging 65 described and claimed in commonly assigned U.S. Pat 
the encapsulated chip is a very difficult task because the Nos. 4,796,098 and 4,862,245. This technology is exten- 
hard plastic resin is totally unattackable by any acid sively used for the packaging of 1, 4 and 16 Mbits 
including hot fuming nitric acid. DRAM chips (in this latter case, the central area con- 
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taming the chip contact zones is transverse instead of in a RIE etcher for isotropic etch. This step must be also 

being longitudinal as illustrated in FIG. 1) and is cur- carefully monitored. The etching time must be suffi- 

rently designated under the brand name of A-wire (A cient to remove all the remaining plastic resin coating 

stands. for Area-window). but not too long to avoid damaging the passivating 

nPSrHTPTION OF A MFTHOn OF THF PfcTOtt 5 layer 18 ' ^ a^™* 6 ^ system to perform this sub- 

DESCRIPTION OF A ^™ OD OF ™E PRIOR step is the "PLASSYS MDS 150". Major operating 

parameters are a power of 850 W and an 02 flow of 20 

The different processing steps of a conventional cc in two cycles of 30 minutes. Finally, the chip is rinsed 

opening method that is capable of removing hard mold- m de-ionized water. As apparent from FIG. 2(D), at this 

ing resins, such as the TOSHIBA "KE 2000H" (which 10 stage 0 f the process, the chip is still partially molded in 

is extensively used for the encapsulation of the ad- the plastic resin which encapsulates the passive face and 

vanced semiconductor memory products mentioned the sidewalk of the chip 11. The micro-photograph of 

above), will now be described in conjunction with FIG. 3(B) illustrates the pad-shaped portion which 

FIGS. 2 and 3. remains bonded to the chip contact zone at this final 

FIG. 2 illustrates the module 10 of FIG. 1 at various 15 stage of ^ process ( wne n successfully completed). 

stages of the opening method. FIGS. 3(A) and 3(B) are This conventional opening method has some incon- 

microphotographs showing enlarged views at the view- veniences. The polishing steps which aim to remove the 

iry of the chip terminal connection system before and polym eric layer 14 and at least partially, the remaining 

aftei .plasma etching It is noteworthy to remark that pi^c re sm coating must be very accurately controlled, 

hot fuming nitric acid is never used in the conventional 20 t0 ayoid destruction of ^ chi ^mimal connection 

opening method for opening modules encapsulated in system (wW mtcgrity k re q uired for testabil i ty) ^ 

^ ™° . g resms. the damaging of the passivating layer (for chip device 

)The top face of the module 10 of FIG 1 is roug^y ftaK a ion J^ 

pohshed usmg a metal gnndmg disk (granuknty 60 urn, ^ k neces^ requiring thereby ex- 

300 rpm) and a conventional manual polisher, such as 25 J' . vu * PT V, ™ ie nl^o .t^;^ 

the "PRESI Mecapol P 250", until the lead frame is ^ Ve F^T • plasma etchmg sub- 

reached. PreferabTthis step must be monitored not to step is relatively longOH processing time) and requires 

polish the top surface in excess such that it would de- f'^^^^T^ oxygen plasma is prone 

Soy the terminal connection system. It is recom- to attack the Si02/Si3N4 chip passivatmg layer 18. In 

mended to adjust planarity of the module top surface 30 fact > lt » W«ble to remove all the remaining plastic 

with respect to the disk during this polishing step. The encapsulating resm coating in the central area, so that 

resulting module is shown in FIG. 2(A). chi P * less ^ 10 %- Moreover, this 

2) The lead frame is then removed from the module ste P been generally noticed to have detrimental 
10 simply using a pair of tweezers. The resulting module contamination effects. Contamination arises because of 
is shown in FIG. 2(B) 35 P resence of tne surrounding plastic which causes 

3) The polishing is continued to remove the compos- pollution of the RIE etcher internal walls, and subse- 
ite polymeric layer 14. The same metal grinding disk of quently will pollute the SEM tool as well. As a final 
step 1 is used to remove the "KAPTON" top layer 14b. result, the above described conventional opening. 
The bottom polyimide layer 14a is preferably removed method raises many concerns: results are operator de- 
by a metal disk having a smaller granularity e.g. 9 urn. 40 Patent, the success rate is low, sample preparation 
This polishing step must be very carefully monitored time is lon S ^ the te rminal connection systems are 
and must be stopped before the protective passivating often destroyed. Moreover, this method becomes more 
layer 18 is attacked. The resulting module is shown in difficult when the size of the chips increases which 
FIG. 2(C). Because the plastic encapsulating plastic means a predictable inefficiency of the subject method 
resm 13 is much harder than the polymeric material of 45 in the near future. Consequently, this conventional 
layer 14, once the latter has been totally removed, there opening method is not satisfactory in many respects, 
still remains a small quantity of the plastic encapsulating OBJECTS OF THE INVENTION 

resin 13 coating the central area of the chip which is 

detrimental to: chip analysis, in particular because it I* k therefore a primary object of the present inven- 

prevents visual chip inspection. Micro-photograph of 50 ^ on t0 provide a method for recovering bare semicon- 

FIG. 3(A) illustrates the pad-shaped portion of the ball- ductor chips from plastic packaged modules which is 

shaped connection 20 embedded in a plastic resin coat- n ot detrimental to the chip functionality and testability, 

ing which remains after the polishing steps. -It is another object of the present invention to pro- 

4) The removal of this remaining plastic resin coating vide a method for recovering bare semiconductor chips 
generally requires two sub-steps, a first relatively coarse 55 from plastic packaged modules which permits complete 
polishing and a fine 02 plasma etching. The latter sub- removal of the plastic encapsulating resin. 

step must be conducted in the shortest possible time, It is another object of the present invention to pro- 

because inorganic materials are known to be sensitive to vide a method for recovering bare semiconductor chips 

02 plasmas. from plastic packaged modules which preserves the 

In sub-step 4-1, the module top surface is softly pol- 60 terminal connection system integrity, 
ished with a cloth disk (gran. 6 um) and a polishing It is another object of the present invention to pro- 
paste ( 4 *Buehler Diamond". . . ) to remove the greatest vide a method for recovering bare semiconductor chips 
part of this remaining plastic resin coating. Likewise, from plastic packaged modules which is applicable to 
care must be exercised to avoid any scratch of the un- any type of plastic encapsulating resin: 
deriving passivating layer 18, to preserve chip function- 65 It is still another object of the present invention to 
ality. provide a method for recovering bare semiconductor 

In sub-step 4-2, the top surface of the resulting mod- chips from plastic packaged modules which is simple 

ule is submitted to plasma etching in ah 02 environment and inexpensive. 
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It is another object of the present invention to pro- FIGS. 2(A)-2(D) show the module of FIG. 1 at dif- 
vide a method for recovering bare semiconductor chips ferent stages of the process according to a conventional 
from plastic packaged modules which does not cause method of the prior art for recovering the bare chip 
any contamination to the chip and processing/inspec- from the plastic packaged module, 
tion equipments. 5 FIGS. 3(A) and(B) are micro-photographs showing 

It is still another object of the present invention to enlarged views of die chip terminal connection system 
provide a method for recovering bare semiconductor before and after the plasma etching step according to 
chips from plastic packaged modules which can be fully said conventional method. 

automated. FIGS. 4(A)-4(D) show the module of FIG. 1 at dif- 

10 ferent stages of the process according to a preferred 

SUMMARY OF THE PRESENT INVENTION embodiment of the method of the present invention. 

The opening method of the present invention ft»ns to FIGS. 5(A) and (B) are micro-photographs showing 
recover undamaged bare silicon chips from plastic enlarged views of the chip terminal connection system 
packaged modules wherein they are molded. For plastic before and after the gold ball-shaped connection has 
packaged modules of the type where the chip has its 15 bcen removed. 

contact zones wire-bonded to the conductors of a lead DESCRIPTION OF THE PREFERRED 

frame and is molded in a plastic encapsulating resin EMBODIMENT 
which is etch resistant to hot fuming nitric acid, the r j ^ j« 

opening method basically includes the steps of: A P rcferrcd embodiment of the method of the present 

1) relishing the module upside until the lead frame is 20 ^ntion will be now described in conjunction with 
cxposec j. FIG. 4 which illustrates the different processing steps 

2) removing the lead frame; thereof. 

3) roughly polishing the bottom side of the module *> ™ c ***** m a fi ff ; w ^ * 
until exposing the passive face of the silicon chip; „ ****** or Jf to 

4) immersing the resulting module in hot fuming*- 25 apparatus. The module is printed to the pohshmg disk 
trie acid at a temperature comprised between ap- ^g tumed upside down. The top surface of the mod- 
proximately W C and 1ST G for a time conV . 10 18 ™ giving diamond metal dbsk 
prised between approximately 4 and 10 minutes; having a **n*«nty from approximately 120 to 200 

j/ibcuuciwcwi £ F 7. ivmuimw, microns to remove the top of the plastic encapsulating 

5) unmediately cooling the resulting module to create ^ ^ 13 ^ ^ /continued until the metallk 
%^^ Wl ^' n leadframecJTu^ 

of the plastic encapsulating resin are eliminated, conditioils m ^ ^ „ ^ ^^ove with re 
leaving the desired bare silicon chip. spect to the corresponding step of the conventional 

After possibly a final cleaning step, the chip is ready method . rq. ^ must rates the module 10 at this stage 
for analysis. 35 of ^ ^ 

Optionally, should an electrical test be require^ the 2) As apparent from ^0. 4(B), the lead frame is 
ball-shaped connections may be m turn eliminated, by rem0 ved in the conventional manner using tweezers, 
dipping the chip in a mercury bath to expose the chip optionally, the module top surface may be now submit- 
contact zones. ted to a fine additional polishing step to remove traces 

In a preferred embodiment, the thermal shock is ere- 40 of me beneath the lead frame, 
ated by immersing the module in pure hot fuming nitric Above steps 1 and 2 are essentially identical to the 
acid at 120* C. for 8 minutes and then cooling the mod- corresponding steps of the conventional opening 
ule by blowing compressed ambient temperature air method described above. However, step 1 does not 
onto the chip. need to be carefully monitored. It doesn't matter if the 

The method of the present invention allows complete 45 lead frame is damaged or not As a matter of fact, it is 
removal of the plastic encapsulating resin without dam- even permitted to proceed down to the "KAPTON" 
aging the chip and in particular its passivation layer, sheet 146 (see FIG. 1). 

thereby preserving the chip functionality. Because, 3) Then, according to the teachings of the present 
there is no longer any remaining plastic encapsulating invention, a rough polishing is accomplished on the 
resin coating over the central area of the chip, chip 50 bottom of the module 10, using similar operating condi- 
testability is maximized (100%). n0 ns as taught in step 1). A disk granularity of 120 urn 

The novel features believed to be characteristic of is adequate to remove the plastic encapsulating resin 13 
this invention are set forth in the appended claims. The until the passive face of the silicon chip 11 is exposed, 
invention itself, however, as well as other objects and Monitoring can be performed either automatically, e.g, 
advantages thereof, may best be understood by refer- 55 by measuring the thickness of the reinaining resin or by 
ence to the following detailed description of an illus- optical detection. At the end of step 3, the module is 
trated preferred embodiment to be read in conjunction shown in FIG. 4(C). 

with the accompanying drawings. 4) Now, still according to the teachings of the present 

BRIEF DESCRIPTION OF THE DRAWINGS „ TT^^ S< 2? l"?^ 8 V^T^ 

60 to the module is performed. This thermal shock is pref- 

FIG. 1 shows a conventional plastic packaged mod- erably accomplished in three successive heating, cool- 

ule of the SOJ (Small Outline J-Lead) model wherein a ing and heating sub-steps. 

silicon chip is molded. FIG. 1(A) shows a cutaway view According to sub-step 4-1, the module is immersed in 
of the plastic packaged module with a part of the plastic a hot fuming pure nitric add bath contained in a con- 
encapsulation removed, (B) shows a cross sectional 65 tainer disposed on a heating plate raised at a tempera- 
view of the module, and (C) shows a schematic en- ture of approximately 120* C. The duration of this sub- 
larged view at the vicinity of the chip terminal connec- step is about 8 minutes. Although, in some instances, 
tion system. heating alone may reveal to be sufficient, use of fuming 
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nitric acid has demonstrated to be very efficient since it The method of the present invention is applicable to 
cooperates with heat to produce a total removal of the plastic packaged modules of many types such as the 
plastic resm 13 at the end of trus step, as it will be ex- Small Outline J-Lead (SOJ) . packages, the Plastic 
plained now. Leaded Chip Carrier packages (PLCC), the Small Out- 

In sub-step 4-2,. the heated module 10 is without delay 5 line Package (SOP) and the like. The above opening 
submitted to a quick cooling. For instance, a com- method is also directly applicable to many other types 
pressed gas e.g. air or a neutral gas, either cooled or at of electronic components. . 
ambient temperature is blown over the module. At the The invention claimed is: 

end of sub-step 4-2, all or almost all the remaining plas- 1. A method for recovering an undamaged bare semi- 
tic resin parts burst, just leaving the bare chip without 10 conductor chip from a plastic packaged module, the 
any damage. plastic packaged module molded of a plastic encapsulat- 

In sub-step 4-3, the chip is immersed once again in hot ing resin which is etch resistant to faming nitric acid 
fuming nitric acid. This step is preferably conducted for and having a plurality of lead frame conductors, the 
a total removal of any plastic residues that could remain chip having an active surface facing a first side of the 
at this stage of the method. The temperature of the 15 plastic packaged module and a passive surface facing an 
heating plate is still about 120° C. and the duration opposing second side of the plastic packaged module, 
approximately 3-4 minutes. the active surface having a plurality of contact zones 

Finally, the bare chip is rinsed in de-ionized water, connected by a metal wire to the lead frame conductors, 
then cleaned in a conventional manner by using a dupli- . the recovering method comprising the steps of: 
eating film dipped in acetone. The chip is now ready for 20 a) polishing the first side of the plastic packaged mod- 
chip inspection/analysis. At this stage of the process, ule until the lead frame conductors are exposed; 
the bare chip is recovered undamaged as illustrated in b) removing the lead frame conductors; 
FIG. 4(D). From the micro-photograph of FIG. 5(A), it c) polishing the second opposing side of the plastic 
is apparent that, in contrast to the above described con- 25 packaged module until the passive surface of the 
ventional method, the chip terminal connection system semiconductor chip is exposed, leaving a polished 
is not deteriorated. module; 

5) Should the chip testing be now required, the gold d) heating the polished module to a temperature 
ball-shaped connections must be removed. To that end, above approximately 80° C without detrimentally 

. the chip 11 is laid-down (active face down) to float over 3Q affecting the semiconductor chip functionality and 
an agitated mercury bath, whose agitation is maintained leaving a heated module; and 

during a limited period of time (e.g. for about 45 min- e) cooling the heated module to create a thermal 
utes), so that the remaining portions of the gold wires 15 shock so that all the remaining portions of the plas- 

and ball-shaped connections 20 as identified in FIG. 1 tic encapsulating resin are eliminated, leaving the 

are not totally eliminated, just leaving a thin gold plated 35 desired bare semiconductor chip, 
chip portion thereof exposed as apparent from the mi- 2. The method of claim 1 further including the step 
cro-photograph of FIG. 5(B). This step is highly de- of: 

sired to improve chip testability, because otherwise it f) eliminating the wire at the vicinity of the semicon- 
would be really difficult to contact the remaining por- . ductor chip contact zones, 
tion of the terminal connection system illustrated in 4Q 3. The method of claim 1 wherein said step d) of 
FIG. 5(A) with a probe tip. On the contrary, it is very heating the polished module comprises immersing the 
easy to apply a probe tip on the exposed contact zone polished module in a bath of hot fuming nitric acid 
which is relatively flat and large. Finally, the chip 11 is raised to a temperature between about 80 fl C. and about 
cleaned by using a duplicating film (acetylcellulose) in a 150° C. for a time between about 4 minutes and about 10 
conventional manner. 45 minutes. 

The method of the present invention, allows the re- 4. The method of claim 1 wherein step e) comprises 
moval of any type of plastic encapsulating resin if the blowing compressed ambient temperature air onto the 
integrated circuit chips are passivated with Si02 or semiconductor chip. 

Si3N4. The present method is not adapted to polyimide 5. The method of claim 2 wherein step f) comprises 
passivated chips. Chip recovered from plastic packaged 50 dipping the semiconductor chip in an agitated mercury 
modules by the method of the present invention exhibit bath for about 45 minutes. 
100% functionality and testability. In particular, the 6. The method of claim 1 wherein: 
chip contact zones have not been degraded and are step d) comprises immersing the polished module in a. 
ready for perfect electrical contact with the test probes. bath of hot turning nitric acid raised to a tempera- 

In addition, no physical or electrical degradation has 55 ture between about 80* C. and 150V C. for a time 
been noticed as to the functionality of the chips. The between about 4 minutes and about 10 minutes; and 

opening method of the present invention reveals to be step e) comprises blowing compressed ambient tern- 
very useful as far as the recovered bare chips are used perature air onto the semiconductor chip, 
for examination/inspection or failure analysis purposes. 7. The method of claim 2 wherein said step d) of 
However, it is also of great interest when the chips are 60 hearing the polished module comprises immersing the 
recovered for re-use, possibly after having been re- polished module in a bath of hot fuming nitric acid 
paired. With regard to the prior art method, the present raised to a temperature between about 80 s C. and about 
method maintains the integrity of the chip terminal 150° C. for a time between about 4 minutes and about 10 
connection system. In addition, the chip is free of any minutes. 

contamination (no plastic residues). The present open- 65 8. The method of claim 2 wherein step e) comprises 
ing method is relatively simple, inexpensive (no RIE blowing compressed ambient temperature air onto the 
etcher required) and has demonstrated success rates as semiconductor chip, 
high as 100%. 9. The method of claim 2 wherein: 
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step d) comprises immersing the polished module in a 
bath of hot fuming nitric acid raised to a tempera- 
ture between about 80° C. and 150° C. for a time 
between about 4 minutes and about 10 minutes; and 

step e) comprises blowing compressed ambient tern- 5 
perature air onto the semiconductor chip. 

10. The method of claim 2 wherein: 

step d) comprises immersing the polished module in a 
bath of hot fuming nitric acid raised to a tempera- 
ture between about 80 a C and 150° C for a time 10 
between about 4 minutes and about 10 minutes; and 

step f) comprises dipping the semiconductor chip in 
an agitated mercury bath for about 45 minutes. 

11. The method of claim 2 wherein: 

step e) comprises blowing compressed ambient air 15 

onto the semiconductor chip; and 
step f) comprises dipping the semiconductor chip in 

an agitated mercury bath for about 45 minutes. 

12. The method of claim 2 wherein: 

step d) comprises immersing the polished module in a 20 
bath of hot fuming nitric acid raised to a tempera- 
ture between about 80* C. and 150° C. for a time 
between about 4 minutes and about 10 minutes; 

step e) comprises blowing compressed ambient air 
onto the semiconductor chip; and 25 

step f) comprises dipping the semiconductor chip in 
an agitated mercury bath for about 45 minutes. 

13. A method for recovering an undamaged bare 
semiconductor chip from a plastic packaged module, 
the plastic packaged module molded of a plastic encap- 30 
sulating resin which is etch resistant to fuming nitric 
acid and having a plurality of lead frame conductors, 
the chip having an active surface facing a first side of 
the plastic packaged module and a passive surface fac- 
ing an opposing second side of the plastic packaged 35 
module, the active surface having a plurality of contact 
zones connected by a metal wire to the lead frame con- 
ductors, the recovering method comprising the steps of: 

a) polishing the second opposing side of the plastic 
packaged module until the passive surface of the 40 
semiconductor chip is exposed; 

b) polishing the first side of the plastic packaged 
module until the lead frame conductors are ex- 
posed, leaving a polished module; 

c) removing the lead frame conductors; 45 

d) heating the polished module to a temperature 
above approximately 80* C. without detrimentally 
affecting the semiconductor chip functionality and 
leaving a heated module; and 

e) cooling the heated module to create a thermal 50 
shock so that all the remaining portions of the plas- 
tic encapsulating resin are eliminated, leaving the 
desired bare semiconductor chip. 

14. The method of claim 13 wherein said step d) of 
hearing the polished module comprises immersing the 55 
polished module in a bath of hot fuming nitric acid 
raised to a temperature between about 80° C. and about 
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150° C. for a time between about 4 minutes and about 10 
minutes. 

15. The method of claim 13 wherein step e) comprises 
blowing compressed ambient temperature air onto the 
semiconductor chip. 

16. The method of claim 13 wherein: 

step d) comprises immersing the polished module in a 
bath of hot fuming nitric acid raised to a tempera- 
ture between about 80* C. and 150° C. for a time 
between about 4 minutes and about 10 minutes; and 

step e) comprises blowing compressed ambient tem- 
perature air onto the semiconductor chip. 

17. The method of claim 13 further including the step 
of: 

f) eliminating the wire at the vicinity of the semicon- 
ductor chip contact zones. 

18. The method of claim 17 wherein said step d) of 
heating the polished module comprises immersing the 
polished module in a bath of hot fuming nitric acid 
raised to a temperature between about 80° C. and about 
150° C. for a time between about 4 minutes and about 10 
minutes. 

19. The method of claim 17 wherein step e) comprises 
blowing compressed ambient temperature air onto the 
semiconductor chip. 

20. The method of claim 17 wherein step f) comprises 
dipping the semiconductor chip in an agitated mercury 
bath for about 45 minutes. 

21. The method of claim 17 wherein: 

step d) comprises immersing the polished module in a 
bath of hot fuming nitric acid raised to a tempera- 
ture between about 80* C. and 150* C. for a time 
between about 4 minutes and about 10 minutes; and 

step e) comprises blowing compressed ambient tem- 
perature air onto the semiconductor chip. 

22. The method of claim 17 wherein: 

step d) comprises immersing the polished module in a 
bath of hot fuming nitric acid raised to a tempera- 
ture between about 80* C. and 150* C. for a time 
between about 4 minutes and about 10 minutes; and 

step f) comprises dipping the semiconductor chip in 
an agitated mercury bath for about 45 minutes. 

23. The method of claim 17 wherein: 

step e) comprises blowing compressed ambient air 

onto the semiconductor chip; and 
step f) comprises dipping the semiconductor chip in 

an agitated mercury bath for about 45 minutes. 

24. The method of claim 17 wherein: 

step d) comprises immersing the polished module in a 
bath of hot filming nitric acid raised to a tempera- 
ture between about 80* C and 150* C. for a time 
between about 4 minutes and about 10 minutes; 

step e) comprises blowing compressed ambient air 
onto the semiconductor chip; and 

step f) comprises dipping the semiconductor chip in 

an agitated mercury bath for about 45 minutes. 
* ♦ * * * 
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